Introduction
Teachers' continuous professional learning activities are crucial for success of educational reforms aimed at improving instructional practice and student learning (Cohen & Hill, 2001; Darling-Hammond & Sykes, 1999; Desimone, 2009; Little, 1993 , Wei, Darling-Hammond, Andree, Richardson, & Orphanos, 2009 ). The importance of professional learning activities is also communicated in the No Child Left Behind Act (NCLB) of 2001. Title II, Part A of NCLB provides $3 billion annually to states to improve teacher qualifications through various strategies including enhancing teachers' professional learning opportunities (Birman et al., 2009 ). In addition, the NCLB requires that schools in improvement status spend at least 10% of their Title I funds for professional learning activities. According to the Quality Counts report, as of the 2009-2010 academic year, 40 states have developed formal professional development standards and 24 of these finance professional development for all districts (Editorial Projects in Education, 2011) .
Despite the importance of teachers' professional learning activities, our knowledge about how teachers spend their time in professional learning activities is limited (Little, 1993; Wilson & Berne, 1999) . Although extensive amount of empirical studies have been conducted on formal professional development programs (Desimone, 2009; Desimone, Porter, Garet, Yoon, & Birman, 2002; Garet, Porter, Desimone, Birman, & Yoon, 2001; Wayne, Yoon, Zhu, Cronen, & Garet, 2008) , professional learning communities (Grossman, Wineburg, & Woolworth, 2000; Little, 2002 Little, , 2003 McLaughlin & Talbert, 2001; , and new teacher mentoring (Carver & Feiman-Nemser, 2009; Schwille, 2008; Smith & Ingersoll, 2004) , we do not yet know the various types and amounts of both formal and informal professional learning activities teachers engage in. Examining the time teachers spend in various types of professional learning activities is the first important step toward understanding holistically the nature of teachers' learning activities and considering how policymakers and district and school administrators can support teachers to engage in effective professional learning activities.
This study defined teachers' "professional learning activities" as intentional activities to gain new knowledge about teaching and student learning. Although these activities can potentially promote "professional learning," that is, cognitive changes in teachers' knowledge and beliefs, it is important to note that such learning is not guaranteed solely by their participations in these activities (Richardson & Placier, 2001; Smylie, 1995) . In addition, professional learning can also occur outside of intentional activities, even beyond learners' awareness (Eraut, 2004; Marsick & Watkins, 1990; Watkins & Marsick, 1992; Smylie, 1995) . However, this study focused on intentional learning activities because these activities can be measured by teacher reports through a survey, and policymakers can influence teachers' intentional learning activities more effectively than teachers' unconscious learning experiences.
Previous conceptual studies and case studies of teachers' professional learning activities have documented that teachers engage in various types of learning beyond formal activities such as professional development programs and mentoring (Borko, 2004; Little, 1993; Scribner, 1999 Scribner, , 2003 Smylie, 1995; Wilson & Berne, 1999) . Teachers have informal communications with their colleagues and engage in individual learning activities (e.g. reading professional journals, analyzing students' work). A systematic examination of the various types and amounts of these learning activities requires a large-scale data collection through a teacher survey. To fill this knowledge gap, a statewide survey of 577 middle school mathematics teachers in Missouri was conducted in 2009 to examine how much time middle school mathematics teachers spend for seven types of professional learning activities: 1) professional development programs, 2) teacher collaboration, 3) university courses, 4) professional conferences, 5) mentoring/coaching, 6) informal communications, and 7) individual learning activities.
Missouri was selected because its levels of student achievement and educational opportunities are similar to the national average. Quality Counts 2011 ranks states using a K-12 achievement index which includes: 1) achievement levels in 2009 and achievement gains from 2003 to 2009 in fourth and eighth graders' mathematics and reading scores on the National Assessment of Educational Progress (NAEP), 2) achievement gap between high-socioeconomic status (SES) and low-SES students, 3) high school graduation rates, and 4) advanced placement (AP) test scores (Editorial Projects in Education, 2011) . The index ranged from 55.3 in Mississippi to 85.0 in Massachusetts. Missouri's index was 69.2, similar to the national average of 68.7. In addition, another index in Quality Counts 2011, Change-for-Success index measured by family income, parent education level, school enrollment rates, and adult outcomes (educational attainment, annual income, full-time employment) showed that Missouri's index was 79.4, similar to the national average of 78.2 (Editorial Projects in Education, 2011) . This index ranged from 65.6 (Nevada) to 94.0 (Massachusetts).
Teacher learning is enhanced when teachers are involved in activities that: 1) are sustained and continuous, 2) are coherent with teachers' learning goals as well as with school missions and reform goals, 3) focus on teaching practices and student learning in the context of actual classrooms, and 4) provide opportunities for teacher collaboration (Borasi & Fonzi, 2002; Clarke, 1994; Desimone, 2009; Elmore, 2002; Hawley & Valli, 1999; Loucks-Horsley, Hewson, Love, & Stiles, 1998; Wen, et al., 2009; Wilson & Berne, 1999 ). Before we can understand if teachers are engaging in professional learning activities with these characteristics, it is important to first examine how teachers allocate their time for various types of professional learning activities. If we focus on only one type of learning activity such as professional development programs or mentoring, we would not be able to understand how teachers' professional learning is influenced by a variety of formal and informal professional learning activities teachers participate in or how these activities might interact with one another to enhance teachers' professional learning. Thus, this study takes the first step to understand how teachers allocate their time for seven types of professional learning activities as a foundation for future studies on the quality and content of these activities.
This study addressed the following research questions: 1. What professional learning activities do middle school math teachers participate in and how much time do they spend in these activities? 2. How are teacher qualifications and contextual characteristics associated with the amount of their professional learning activities? The findings from this study will advance our knowledge of teachers' professional learning activities that span from formal to informal, from planned to serendipitous, and from within immediate work contexts to broader professional contexts. Information on the types and amounts of various professional learning activities will be useful for policymakers and administrators in their efforts to support instructional improvement. In addition, an examination of the teacher qualifications and contextual characteristics (district characteristics) associated with the amount of professional learning activities teachers engage in will inform school, district, and state efforts to promote professional learning activities. These findings will not only expand our knowledge of teachers' professional learning activities and their correlates, but also provide insights for policymakers about the supports needed to enhance professional learning opportunities.
The focus on middle school mathematics teachers is important because mathematics teachers in grades three through eight are working under tremendous pressure to improve student scores on state assessments as a result of the accountability reforms required by NCLB. In addition, the achievement gap in mathematics between White and African American students is wider at the middle school level than at elementary school level; according to the 2007 NAEP results, the achievement score gap at the eighth grade level was 31 points (290 for White vs. 259 for African American) compared with 26 points (248 for White vs. 222 for African American) at the fourth grade level (Vanneman, Hamilton, Baldwin Anderson, & Rahman, 2009) . Likewise, the 2007 Trends in International Mathematics and Science Study (TIMSS) showed that, while U.S. fourth graders' mathematics achievement is above the international average (528 vs. 500), eighth graders' mathematics achievement is similar to the international average (508 vs. 500) and lags behind that of other industrialized nations (Gonzales et al., 2008) . Thus, understanding professional learning activities of middle school mathematics teachers is important for identifying factors that may contribute to larger achievement gaps and lower achievement at the middle school level.
Background Theoretical Framework: Situated Perspective
This study takes a situated perspective on teacher learning (Putnam & Borko, 2000) . The situated perspective on teacher learning posits that:
The physical and social contexts in which an activity takes place are an integral part of the activity, and that the activity is an integral part of the learning that takes place within it. How a person learns a particular set of knowledge and skills, and the situation in which a person learns, become a fundamental part of what is learned (p.4). Based on this perspective, to understand the learning of mathematics teachers, it is essential to holistically understand the contexts where mathematics teachers engage in professional learning activities (Shulman & Shulman, 2004) . Despite the theoretical importance of investigating various learning activities and their contexts, no large-scale systematic investigation of teachers' professional learning activities has been conducted thus far.
The lack of such investigation may be due to the difficulty of measuring a complex nature of professional learning activities teachers engage in. Wilson and Berne (1999) pointed out the scattered and serendipitous nature of teachers' professional learning activities. Ball and Cohen (1999) observed that there is no coherent infrastructure for professional learning activities across the state, district, and school levels. These studies observed that the "apprenticeship of observation" in Lortie's (1975) sociological work still holds true as a major characteristic of teachers' professional learning activities.
There is a need for a systematic investigation of the complex nature of teachers' professional learning activities. Thus far, existing national databases such as the Schools and Staffing Survey (SASS) and the teacher background survey in the National Assessment of Educational Progress (NAEP) included only structured learning activities such as professional development programs, university courses, and mentoring. Other national data collected by researchers also focused only on professional development programs (Desimone, et al., 2002; Garet, et al., 2001) . However, there are several case studies that uncovered the nature of teachers' professional learning (Scribner, 1999 (Scribner, , 2003 . This survey was developed based on these carefully conducted case studies, which are reviewed below.
Case Studies on Professional Learning Activities
In a multiple-site, embedded case study, Scribner (1999) interviewed 45 teachers identified as excellent teachers by their colleagues in three ethnically-diverse high schools to explore teachers' experiences with professional learning activities. Scribner found that teachers engaged in numerous activities that included: collaboration, individual inquiries, experiential learning, conferences or workshops, school-based in-service activities, and graduate courses. However, what they perceived they can learn through these activities varied by the type of learning activities. For example, teachers perceived that collaboration was useful for learning pedagogical skills and classroom management, whereas they found both individual inquiries and other formal learning opportunities (workshops, conferences, and graduate courses) useful for learning subject content knowledge. For learning about students' lives and diverse cultures, they relied on their own classroom experience and knowledge gained through trial and error.
Another study by Scribner (2003) based on multiple case studies of 20 teachers in three rural high schools examined the work contexts that shape teachers' professional learning. The author identified students and subject matter as the core context in which professional learning occurs. Teachers learned most from students' reactions to their instructional approaches and building relationships with students when managing their classrooms. In addition, teachers' learning occurred through individual activities to enhance subject content knowledge. He described these learning activities to be experiential, usually non-reflective, and lonely (Scribner, 2003) .
Drawing from these two studies, I identified seven types of learning activities middle school mathematics teachers engage in: 1) professional development programs, 2) teacher collaboration, 3) university courses, 4) professional conferences, 5) mentoring/coaching, 6) informal communications, and 7) individual learning activities. Based on the previous studies that identified the importance of subject content focus in professional learning activities (Banilower, Heck, & Weiss, 2005; Cohen & Hill, 2001; Desimone, et al., 2002; Garet, et al., 2001) , this study measured learning activities for mathematics teaching and learning. Therefore, this study does not focus on other subject areas or non-subject-specific content such as Amount of Professional Learning Activities classroom management and equity.
Previous national statistics reported the amount of formal professional development activities among secondary school mathematics teachers. Based on a nationally representative sample of 1,700 math teachers, Birman et al. (2009) found that, on average, mathematics teachers spent a total of 28.4 hours on mathematics professional development during the 2005-2006 academic year (p. 93) . Out of 28.4 hours, they spent 17.3 hours for instructional strategies for teaching mathematics, and 11.1 hours for in-depth study of mathematics topics. In addition, the percentage of teachers who participated in these types of professional development for more than 24 hours increased from 16% to 22% (instructional strategies) and from 10% to 15% (mathematics topics) between the 2003-2004 academic year and the 2005-2006 academic year (pp. 95-96) . These statistics show that mathematics teachers are spending more time in professional development in recent years, yet the average total amount of mathematics-focused professional development is only 28.4 hours or 3.5 days per year. Birman et al. (2009) further identified the percentage of teachers who participated in various learning activities. Based on a nationally representative sample of elementary teachers and secondary mathematics and reading teachers, the researchers found that, during the 2005-2006 academic year, 91% of the teachers consulted with other teachers about individual students and 84% exchanged feedback with other teachers based on student work at least once or twice a month (p.108). In addition, 74% planned lessons or courses with other teachers. Less common learning activities were: 1) exchanging feedback based on class observations (48%) and 2) participation in a learning community (47%). In addition, Smith and Ingersoll's (2004) analysis of the 1999-2000 Staff and Schooling Survey (SASS) found that only 70.4% of new teachers in public, non-charter schools had a mentor assigned.
Although these statistics reported the percentage of teachers who participated in various types of learning activities, the amount of time devoted for each type of these learning activities is not yet known. There is a major difference between spending one hour and 100 hours for professional learning activities. This study documents the amount of seven types of mathematics-focused learning activities middle school mathematics teachers participated in.
Factors Associated with Professional Learning Activities
Teacher characteristics.
Understanding the individual and contextual correlates of the amount of teachers' professional learning activities will inform policymakers and administrators in their efforts to promote and support such activities. Previous empirical studies examined two teacher characteristics: 1) mathematics or mathematics education major (Desimone, Smith, & Ueno, 2006) and 2) teaching experience (Birman, et al., 2009; Smith & Desimone, 2003) as predictors of teachers' participation in professional development programs and university courses. Based on a secondary analysis of teacher survey data from the 2000 NAEP dataset, Desimone et al. (2006) found that mathematics teachers who majored or minored in mathematics or mathematics education were more likely than teachers without a mathematics-related major or minor to participate in sustained content-focused professional development activities or take university courses for 16 hours or more. Smith and Desimone (2003) examined the relationship between teaching experience and participation in professional development using teacher survey data from the 1999-2000 Staff and Schooling Survey (SASS). The authors found that the percentage of teachers who participated in 9 or more hours of professional development that specifically focused on the content and teaching methods in their assigned fields were higher among mid-career teachers (8 to 25 years of teaching) than less experienced teachers (1-7 years) and more experienced teachers (more than 25 years of teaching). Similarly, Birman et al. (2009) compared the total amount of professional development between beginning teachers with less than 3 years of experience and other teachers and found that beginning teachers spend 117 hours compared to 98 hours among all other teachers in the 2005-2006 academic year (p. 106). The findings from these studies are not consistent and more studies are needed to examine the relationship between teaching experience and participation in professional learning activities.
In sum, these studies suggest that the amount of professional learning activities teachers engage in could differ by teacher qualifications such as subject major or minor and teaching experience. If these factors are associated with the amount of professional learning activities teachers engage in, other teacher qualifications such as mathematics certification and education level (e.g. Bachelor's degree, Master's degree) may be also associated with the amount of professional learning teachers engage in. Previous studies showed that basic teacher qualifications measured by full certification, mathematics or mathematics education major, and teaching experience are associated with higher student achievement (Akiba, LeTendre, & Scribner, 2007; Darling-Hammond & Youngs, 2002; Rice, 2003; Wayne & Youngs, 2003; Wilson, Floden, & Ferrini-Mundy, 2002) . It is possible that these teachers with better qualifications are also more likely to engage in professional learning activities, which could lead to improved instruction and student achievement. Thus, in this study, I examined how four types of teacher qualifications (mathematics-related major, teaching experience, mathematics certification, education level) are associated with the amount of teachers' participation in seven types of professional learning activities.
School and district characteristics.
School and district characteristics are important contexts for teachers' participation in professional learning activities. Previous studies identified the important roles played by organizational and cultural contexts in shaping teachers' professional learning activities (Johnson, 2004; Peressini, et al., 2004; Scribner, 1999 Scribner, , 2003 . In addition, the NCLB requirement that Title I schools that are in improvement status must spend at least 10% of their Title I funds for professional development could influence the amount of time mathematics teachers spend in professional learning activities. Previous empirical studies examined the association between the amount of teachers' participation in professional learning activities and the following school characteristics: 1) poverty level, 2) achievement level, 3) school location, and 4) percentage of ethnic minority students.
The findings on the relationship between poverty level and the amount of teachers' participation in professional learning activities are inconsistent. Whereas Desimone et al. (2006) found no statistically significant relationship between these two factors using the 2000 NAEP data, Smith and Desimone (2003) reported that a greater percentage of teachers in high-poverty schools participate in content-focused professional development than teachers in low-poverty schools using the 1999-2000 SASS data. More recent data by Birman et al. (2009) showed that teachers in highpoverty schools (75% or more students receiving free or reduced lunch) and low-poverty schools (less than 35%) are more likely to participate in professional development activities than those in the schools with the medium level of poverty (35% to 75%).
Research on the association between school achievement level and teachers' professional learning activities is also mixed. Although Birman et al. (2009) showed that teachers in the schools in improvement status are more likely to participate in professional development, Desimone et al. (2006) did not find student achievement level to be significantly associated with the amount of content-focused professional development or university courses that teachers participated in. The findings on school location are also inconsistent; Birman et al. (2009) found that the teachers in urban schools spent more hours in professional development activities than those in suburban or rural schools, while Desimone et al. (2006) found that school location was not associated with the amount of professional development.
Finally, two studies have found that the percentage of ethnic minority students within a school was an important predictor of the amount of professional development activities teachers engage in. Garet et al. (2001) found, using a continuous variable on the percentage of ethnic minority students, that teachers in the schools with a larger percentage of ethnic minority students were more likely to spend time for professional development. Birman et al. (2009) found that the schools with medium level of ethnic minority concentration (25% to 75%) were more likely to participate in professional development activities than teachers in schools with a higher percentage (75% or higher) or a lower percentage (less than 25%) of ethnic minority students.
These inconsistent findings may stem from the differences among these studies in: 1) the time of data collection (before NCLB and after NCLB), 2) sampling methods across different national datasets, and 3) whether or not statistical tests of the mean or percentage differences were conducted. Regardless, the findings suggest the importance of examining the relationship between these school and district characteristics and teachers' participation in professional learning activities to clarify these inconsistencies. In addition, school or district size is another characteristic that could influence the amount of mathematics teachers' participation in professional learning activities. Scribner (2003) showed that teachers in rural schools have few opportunities to collaborate because of the small faculty size. Thus, school or district size will be examined in this study in addition to poverty level, achievement, and percentage of ethnic minority students. Because school location is highly correlated with school size, it was excluded from the analysis. Whereas these previous studies examined school characteristics using binary statistics or simple comparisons, this study examined these characteristics in multivariate models to test which characteristics are most important correlates of the amount of teachers' participation in seven types of professional learning activities.
Methods

Context
The Teachers' Opportunity to Learn (TOTL) survey was developed for the purpose of understanding: 1) middle school mathematics teachers' participation in various professional learning activities and 2) work contexts that influence teachers' participation in professional learning activities. The TOTL survey was conducted over three years in 2009, 2010, and 2011 in the state of Missouri. The TOTL survey is a major part of the five-year mixed-methods project that examines: 1) the nature of middle school mathematics teachers' professional learning activities for instructional improvement, 2) the influence of work contexts on the quality of professional learning activities mathematics teachers engage in, and 3) the relationship between mathematics teachers' professional learning activities and changes in student mathematics achievement over four years (2008) (2009) (2010) (2011) .
In Missouri, the Excellence in Education Act of 1985 requires each district to form a Professional Development Committee (PDC) (MDESE, n.d.). The PDC members are selected by teachers and responsible for: 1) identifying teachers' instructional concerns and remedies, 2) serving as confidential consultants upon a teacher's request, 3) assessing teachers' learning needs and develop in-service opportunities for them, and 4) presenting teacher suggestions, ideas, and recommendations regarding classroom instruction to the proper authorities (MDESE, n.d.).
The Outstanding School Act of 1993 further specified that beginning with the 1994 fiscal year, all districts in Missouri receiving state funding need to spend one percent of their operational funds for teachers' professional development, and 75 percent of these monies need to be spent for the purposes determined by the PDC. The state also requires districts to provide two years of mentoring to new teachers, following the Mentoring Program Standards (MDESE, 2008, n.d.) .
In addition to the professional development programs provided by districts based on the PDC's recommendations, various professional development opportunities are provided by nine regional professional development centers (RPDCs) under the Missouri Department of Elementary and Secondary Education (MDESE), universities and colleges across the state, private professional providers, and regional educational labs (e.g. McREL). Districts or schools may choose to require or encourage teachers' participation in these professional development opportunities. The TOTL survey revealed that there is a considerable variation in teachers' participation in professional learning activities and the amount of their participation differs by teacher and district characteristics.
Data Collection
To administer the TOTL survey, the research team first obtained a license for using restricted-use core data from the MDESE. The core data include teachers' names, subject areas of teaching, home address, and school address. The core data also include a large number of variables on school and district characteristics including the percentage of students receiving free or reducedprice lunch, the percentage of ethnic minority students, school location, and student enrollment.
From the core data, the project team selected only mathematics teachers who were teaching in middle schools with a grade six to eight configuration as of December 2008. We chose mathematics teachers in these grades 6-8 middle schools, not in other middle-grade schools with different grade configuration (e.g. grades 5-6, 6-7, 7-8, or 5-8) for the purpose of isolating the effect of student mobility from one school to another on student achievement. This project will eventually examine the impact of teachers' professional learning activities on student achievement growth in mathematics from 2008 to 2011 using state standardized assessment data. Thus, the project's focus on teachers in grades 6-8 middle schools allows us to control for school transition effects. Middle schools with a grade six to eight configuration constitute 80% of all middle-grade schools in Missouri.
The population of 886 mathematics teachers in grades 6-8 middle schools in Missouri was selected as the survey participants for the first year administration of the TOTL survey in 2009. The survey data were collected from January to May through five waves of mailing: 1) the first survey mailing in early January, 2) a post-card reminder 3 weeks later, 3) the second survey mailing in February, 4) a post-card reminder 3 weeks later, and 5) the final survey mailing in late April. Each survey participant was given a $30 gift card in a major retail store as a financial incentive. After five waves of mailing, 577 mathematics teachers provided usable surveys (65% response rate). This study analyzed the data collected from these 577 mathematics teachers working in 179 middle schools located in 117 districts across Missouri.
Comparison among Survey Participants, Teacher Population in Missouri, and National Sample Table 1 presents the comparisons of the characteristics of mathematics teachers, schools, and districts among three groups: 1) survey participants (sample) in Missouri, 2) the population of teachers in Missouri, and 3) a national sample of teachers. The first row presents the teacher characteristics, the second the characteristics of the middle schools where these teachers work, and the third the characteristics of their school districts. The national statistics on middle school mathematics teachers were computed using the 2007-2008 Schools and Staffing Survey (SASS) data. The statistics on grades 6-8 middle schools and the districts with at least one grades 6-8 middle school were obtained from the 2008-2009 Common Core Data (CCD). The results of t-tests or chisquare tests comparing two groups are presented in the right column.
In comparing the characteristics of survey participants and the characteristics of their schools and districts with those of the population of teachers in Missouri, we can see the sample and population characteristics are similar across the board and the differences were not statistically significant. One exception was school size. The survey participants tended to come from relatively larger schools with an average of 510 students, compared to the state average of 435, and the difference was statistically significant. Despite this difference, we can reasonably state that the findings from this survey can be generalizable to the population of mathematics teachers in grades 6-8 middle schools across the state. However, when the survey participants are compared with the national sample, we can see statistically significant differences between these two groups. A greater percentage of the middle school mathematics teachers in Missouri have mathematics certification than the national sample (83.2% vs. 59.5%), yet a smaller percentage of teachers in Missouri have a master degree or a higher degree than the national sample (34.8% vs. 52.4%). A greater percentage of middle school mathematics teachers are female compared to their national counterparts (79.7% vs. 70.0%). For school characteristics, middle schools in Missouri have smaller percentages of: 1) students receiving free or reduced price lunch (41.1% vs. 47.8%) and 2) ethnic minority students (23.2% vs. 45.0%). These schools are also smaller than the national average (509.8 vs. 656.8) and are more likely to be located in suburban areas than urban areas.
These characteristics of the survey participants and their schools are reflected in district characteristics as well. The districts of the sampled middle school mathematics teachers have fewer ethnic minority students (15.3% vs. 30.9%) and are smaller in size (3,726 vs. 7,496 ). However, the poverty level of these districts was higher than that of the average district in the country (45.2 vs. 39.2) probably due to the small district sizes in Missouri. It is important to consider these differences in interpreting the findings from this study conducted in Missouri.
Measures
Professional learning activities.
The initial draft of the survey on professional learning activities was developed in 2007 based on a thorough review of literature on teacher learning. I identified seven types of teacher learning activities: 1) professional development programs, 2) teacher collaboration, 3) university courses, 4) professional conferences, 5) mentoring/coaching, 6) informal communications, and 7) individual learning activities. For each type of learning activities, a set of survey items were developed to examine: 1) the amount (hours spent during the previous 12 month or a typical month), 2) activity content and focus, and 3) alignment with students' learning needs, teachers' learning needs, school or district missions, state or district mathematics standards, and mathematics reform goals.
The survey was pilot-tested in the spring of 2007 with 141 middle school mathematics teachers. Based on the analysis of the response patterns, feedback from the participants, and teacher interviews, the survey was revised and finalized in the spring of 2008. Table 2 presents: 1) the definitions of seven types of professional learning activities provided on the survey cover page, 2) survey items asking the amount of time teachers spent in professional learning activities, and 3) original and final coding schemes. The definitions were provided on the cover page of the survey to clarify the meanings of seven types of professional learning activities before the teachers started the survey. I conducted teacher interviews to receive their feedback on the initial definitions and survey items, and they were then refined to better reflect teachers' understandings of professional learning activities. The additional teacher interviews confirmed that the finalized definitions accurately represent mathematics teachers' understanding of professional learning activities.
The answer categories for the amount of professional learning activities were developed based on the teachers' responses during the pilot test. Based on the literature and teacher interviews, I decided to ask the teachers to report the amount of time they spent during the previous 12 months on professional development programs, teacher collaboration, university courses, and professional conferences. For more frequent activities; mentoring/coaching, individual communications, and individual learning activities, they were asked to report the amount of time they spent during a typical month. The analysis of pilot survey data from 141 middle school mathematics teachers also confirmed the time span for teachers to report the amount (12 months vs. typical school month) and the answer categories provided to them were appropriate for all seven types of professional learning activities. The original response coding is a range of hours such as 1=1-2 hours, 2=3-5 hours, 3=6-10 hours and so on as shown in Table 2 . These responses were re-coded as 1.5=1-2 hours, 4=3-5 hours, 8=6-10 hours and so on so that the final coding roughly represents the actual hours teachers spent for each learning activity. In instances when teachers responded "no" to an initial question asking whether or not the teacher participated in the activity, the variable on the amount was coded as 0. The same re-coding method was used for all seven activities.
Teacher qualifications.
The TOTL survey also asked the mathematics teachers to report the following information related to their qualifications: 1) mathematics major, 2) mathematics education major, and 3) their teaching experience. In addition to these variables, information on mathematics certification and the highest degree attained was obtained from the restricted-use core data from the MDESE. Mathematics major and mathematics education major were coded as 1=majored in mathematics or mathematics education in an undergraduate or a graduate program and 0=no major in an undergraduate or a graduate program. For teaching experience, teachers reported their total number of years of teaching. The data were recoded into three categories: 1) beginning teachers (0-5 years of experience), 2) mid-career teachers (6-15 years) and 3) experienced teachers (16 years or more). Mathematics certification was coded as 1=certified in mathematics, 0=no certification or certified in another subject. The highest degree a teacher obtained was originally coded as 1=bachelor's degree, 2=master's degree, 3=specialist degree, 4=Ph.D. or other professional degree. As there were only four cases with the coding of 3 or 4, this variable was re-coded into 0=bachelor's degree and 1=master's degree or above and labeled as "Master's degree or above."
District characteristics.
I originally created both school and district variables for four characteristics: 1) poverty level (percentage of students receiving free or reduced price lunch), 2) diversity level (percentage of ethnic minority students), 3) size (number of enrolled students), and 4) mathematics achievement (percentage of students meeting the proficient level based on the state standardized assessment in mathematics). After analyzing the variance components for the amounts of time teachers spent in seven types of professional learning activities at three levels: teachers, schools, and districts based on fully unconditional models in three-level Hierarchical Linear Modeling (HLM), I found that most variations in the amount of activities (number of hours) were explained at the teacher and district levels. The percentage of variance explained at the teacher level ranged from 77.5% for professional conferences to 97.2% for individual learning activities. The percentage at district level ranged from 2.7% for individual learning activities to 22.5% for attending professional conferences. The other relatively large percentages of variations explained at the district level were found for teacher collaboration (20.7%), mentoring/coaching (19.8%), and professional development program (18.5%). In contrast, less than 1.3% of the total variations in the amounts of professional learning activities were explained at the school level. Therefore, the study analyzed the four district characteristics listed above as the independent variables to answer the second question, "How are teacher qualifications and contextual characteristics associated with the amount of their professional learning activities?"
Data Analysis
To answer the first question, "What professional learning activities do middle school mathematics teachers participate in and how much time do they spend in these activities?", I computed the percentages of teachers who participated in and the mean hours teachers engaged in seven types of professional learning activities during the previous 12 months or a typical month. I also reported the mean hours separately for beginning teachers (0-5 years of experience), mid-career teachers (6-15 years), and experienced teachers (more than 16 years), and conducted ANOVA and post-hoc tukey analyses to examine if there was a statistically significance difference among these three groups. As I found that teachers spent a significant amount of time for individual learning activities, the amount of time teachers spent in five specific types of individual activities were further reported.
To answer the second question, "How are teacher qualifications and contextual characteristics associated with the amount of their professional learning activities?" I conducted 2-level HLM analyses with teacher data at level 1 and district data at level 2. I used intercept-asoutcome models as I was interested in the direct effects of teacher qualifications and district characteristics on the amounts of professional learning activities teachers engaged in. Five teacher qualifications: 1) teaching experience (two dummy variables of beginning and experienced teachers with mid-career teachers as the reference group), 2) mathematics certification, 3) masters' degree or above, 4) mathematics major, and 5) mathematics education major, and four district characteristics: 1) poverty level (percentage of students receiving free or reduced price lunch), 2) percentage of ethnic minority students, 3) district size (number of enrolled students), and 4) district mathematics achievement (percentage of students meeting the proficient level on the state standardized assessment) were examined as the independent variables. Seven HLM models were analyzed for the amounts of seven types of professional learning activities. The variance components at level 1 (teacher) and level 2 (district) were also computed for: 1) fully unconditional models before entering independent variables into the model, and 2) conditional models with all independent variables. Table 3 presents the percentages of middle school mathematics teachers who participated in seven types of professional learning activities and the average hours teachers spent in these activities. The percentages and average hours during the previous 12 months were reported for professional development programs, teacher collaboration, university courses, and professional conferences, and the percentages and average hours during a typical school month were reported for mentoring/coaching, informal communication, and individual activities. The table also breaks down the average hours by teaching experience: 1) beginning teachers with 0-5 years of teaching experience, 2) mid-career teachers with 6-15 years of experience, and 3) experienced teachers with more than 15 years of teaching experience. F-tests and post-hoc tukey tests were conducted to examine if the average hours significantly differed among the three groups, and F-values and significance level are presented in the table.
Results
Amount of Professional Learning Activities
When we look at the percentages of teachers who participated in seven types of professional learning activities, we can see that teachers' participation in professional development programs, teacher collaboration, informal communication and individual learning activities was common because over 70% of teachers participated in these activities. The most common type of activities that almost all teachers (99.8%) engaged in were individual learning activities. Participation in professional development programs was also common; 78.0% of teachers participated in one or more professional development programs. In addition, 71.8% of teachers participated in teacher collaboration and 72.4% of them communicated informally with their colleagues to learn about mathematics teaching and learning. These percentages show that a majority of teachers participated in both formal and informal learning activities. Post-hoc tukey analyses showed that the amounts of time beginning teachers spent receiving mentoring or coaching and taking university courses were significantly larger than mid-career or experienced teachers. There were no statistical differences in the amounts of time that mid-career and expereinced teachers engaged in these activities.
The other three types of learning activities are less common among middle school mathematics teachers. Only 27.4% of mathematics teachers attended a professional conference as a presenter or an audience member. As mentoring and coaching are normally only for beginning teachers, it is natural that a small percentage of teachers (20.3%) worked with a mentor or a coach. The least common activity was taking university courses; only 13.2% of teachers took a university course during the previous 12 months.
The next column presents the average hours teachers spent for seven types of professional learning activities. Among the formal professional learning activities, on average, teachers spent the most time for teacher collaboration (30.5 hours during the previous 12 months). Teachers also spent a relatively large amount of time (26.8 hours) participating in professional development programs. This amount is similar to the national statistics of 28.4 hours in the 2005-2006 academic year reported by Birman et al. (2009) . Teachers spent significantly fewer hours taking university courses (6.2 hours), attending professional conferences (4.3 hours), or receiving mentoring or coaching (0.8 hours per month). Among informal learning activities (i.e., informal communications and individual learning activities), teachers spent a larger amount of time in individual learning activities with an average of 36.1 hours per month, or 2 hours each day. In contrast, they spent an average of only 3.9 hours per month for informal communications with their colleagues to learn about mathematics teaching or learning.
The comparisons of the average hours among beginning, mid-career, and experienced teachers showed that there was no statistically significant difference in most activities except in taking university courses and receiving mentoring or coaching. Beginning teachers spent an average of 11.6 hours taking university courses compared to 5.1 hours for mid-career teachers and 2.5 hours for experienced teachers. A further analysis of the average hours reported by teachers with five or less years of teaching experience showed that the third and fourth-year teachers are taking more university courses (12.8 hours and 13.1 hours) than the first and second year teachers. Teachers in Missouri are required to complete 30 hours of professional development to obtain a career certification and receive tenure in their fifth year, and many teachers choose to take university courses to fulfill this requirement especially because university courses can lead them to obtain an advanced degree and to advance on the salary schedule. In addition, beginning teachers spent 1.5 hours on average with their mentors or coaches compared to 0.6 hours (36 minutes) among midcareer teachers, and 0.5 hours (30 min) among experienced teachers. This result is understandable as normally only beginning teachers are assigned a mentor or a coach.
Because of the large amount of individual learning activities reported by teachers, I further examined the types of individual activities they engaged in. Table 4 presents the mean hours per month and the percentage distribution of hours for each type of individual learning activity along with the standard deviation. The most common individual learning activity was "studying and analyzing student work." Mathematics teachers spent 16.3 hours per month studying and analyzing students' homework and worksheets, and student responses to their questions in class, which represents 45.2% of their total time spent on individual learning activities.
The high number of hours teachers reported for this activity could be because these teachers are reporting the time spent for grading students' work without analyzing or studying it. In the teacher interviews conducted to test the content validity of this item, however, all teachers reported that they would not report the time they spent on simple grading because of the definition of the individual learning activities provided in the survey (see Table 4 ). However, I cannot deny the possibility that some respondents may have reported the hours they spent on simple grading such as scoring student tests or worksheets. Because of the difficulty of clearly differentiating grading from studying or analyzing student work, it is important to keep in mind the possible over-reporting of this type of individual learning activity when interpreting the data.
These middle school mathematics teachers also spent an average of 7.8 hours (or 21.6% of the total time in individual learning activities) for "studying and developing student assessment tools and materials." These two activities occupied 66.8% of the total hours for individual learning activities, which shows these mathematics teachers' focus on examining student learning and understanding. Less common individual learning activities were: 1) searching web-based resources for curriculum and instruction (5.3 hours or 14.7%), 2) reading teachers' manual for adopted textbook (4.2 hours or 11.6%), and 3) reading professional journals or books on mathematics teaching and learning (2.2 hours or 6.1%). In summary, teacher collaboration and professional development programs are two most common formal learning activities and individual learning activities are the most common informal learning activities. The most common types of individual learning activities were: 1) studying and analyzing student work and 2) studying and developing student assessment tools and materials, which indicates teachers' focus on understanding student learning. However, the data also showed major variations among teachers in the amounts of time spent for seven types of professional learning activities as we can see from the large standard deviations in Tables 3 and 4 . It is important to examine what teacher and district characteristics are associated with these variations.
Teacher Qualifications, District Characteristics, and Professional Learning Activities
Before examining the relationships between teacher and district characteristics and the amount of teachers' participation in professional learning activities, a correlation analysis among independent variables was conducted and reported in the Appendix. Because all six teacher variables are dichotomous variables (coded as 1 or 0), Kendall's tau bs were reported in the correlation table. While most of the correlation coefficients are statistically significant, most of them have a small coefficient size of less than .50. One exception was the relationship between poverty level and math achievement (b=-.579**). High-poverty districts have a lower percentage of students achieving at or above the proficient level on the state assessment in mathematics than low-poverty districts. Because the size of this coefficient is not large enough to cause a problem with multicollinearity, both variables were included in the final models. Table 5 presents the results of 2-level HLM models that examined the relationships between the amounts of time teachers spent in professional learning activities and teacher qualifications and district characteristics. The models for the seven types of professional learning activities are presented. The variance component for teachers (level 1) and districts (level 2) are presented for fully unconditional models without any independent variables and conditional models after entering all the independent variables. From the variance components for fully unconditional models, we can see that over 75% of the total variations in the amounts of seven types of professional learning activities come from teacher level. This means that most of the variations are due to differences between individual teachers (either individual characteristics or their working conditions that are individually unique), rather than differences between districts.
Among the six teacher qualification variables in Table 5 , teaching experience, mathematics certification, and mathematics major were significantly associated with teachers' participation in at least one type of professional learning activities. Consistent with the ANOVA and post-hoc tukey analysis results reported in Table 3 , beginning teachers tended to spend more time taking university courses and receiving mentoring or coaching than mid-career or experienced teachers. Experienced teachers also spent less time than mid-career teachers taking university courses. The teachers without a mathematics certification spent more time in individual learning activities than teachers certified in mathematics. They may have felt a greater need to study and analyze students' mathematical understandings and develop student assessment tools or materials because they did not receive mathematics-related preparation in their teacher education programs.
The teachers who majored in mathematics spent more time taking university courses than non-mathematics majors. This finding is unexpected as the teachers with mathematics major should be well prepared in mathematics content. A further analysis revealed that 68.6% of teachers who majored in mathematics also majored in mathematics education, and 95.1% of them held a mathematics certification. Thus, they should be also well prepared in mathematics pedagogy as well. It may be that these teachers spend more time taking university courses because they value university courses for further advancing their mathematics content knowledge and pedagogical skills. Due to the lack of statistically significant relationships between most of the qualification variables and the amount of time teachers spent in seven types of professional learning activities, only a small percentage of the variation at teacher level was explained by these teacher qualifications in all seven models. The percentages of the variations explained by teacher qualification variables were quite small: 3.4% for mentoring/coaching and 3.0% for university courses, and all the other percentages were less than 1%. This indicates that other teacher characteristics beyond the basic qualifications examined here explain the variation in the amount of time teachers spent in professional learning activities.
Four district characteristics were examined as independent variables at level 2: 1) poverty level, 2) percentage of ethnic minority students, 3) district size, and 4) mathematics achievement. Table 5 shows that poverty level and percentage of ethnic minority students were significantly associated with the amount of time teachers spent in at least two types of professional learning activities. Mathematics teachers in high-poverty districts spent more time participating in professional development programs and being mentored or coached than mathematics teachers in low-poverty districts. In addition, mathematics teachers in ethnically diverse districts spent more time participating in professional development programs, and engaging in teacher collaboration, and receiving mentoring or coaching than mathematics teachers in less diverse districts. However, district size and district mathematics achievement were not significantly associated with the amount of teachers' participation in any type of professional learning activities. Although larger districts have more middle school teachers, teachers in larger districts may not necessarily have more interactions or collaboration opportunities with other teachers for professional learning purposes. The lack of a significant relationship between district mathematics achievement as measured by the percentage of students meeting the proficient level on the state assessment and the amount of formal professional learning activities teachers participated (i.e. professional development programs, teacher collaboration, university courses, professional conferences) is unexpected because the schools in improvement status are required to spend at least 10% of their Title I funds for professional development. Because of the negative correlation between poverty level and achievement level (-.579**), I also examined alternative models without the poverty level. However, the results still showed no statistically significant relationship between district mathematics achievement and the amounts of teachers' participation in any type of professional learning activities.
A measurement limitation may explain this lack of a significant relationship between district mathematics achievement and the amount of time teachers spent in professional learning activities. District mathematics achievement may not be an accurate indicator of the actual amount of Title I funds used for professional learning activities in each district. Not all districts with low student achievement have Title I schools, and the actual amount of Title I funds used for professional learning activities depends on the proportions of Title I schools within each district. Although we could expect that district mathematics achievement would be reasonably correlated with the number of Title I schools in improvement status, it is important to note that district mathematics achievement is only a proxy measure of the amount of Title I funds used for professional learning activities.
However, if we assume that district mathematics achievement is a reasonable indicator, if not a perfect indicator, of the total amount of Title I funds used for offering professional learning opportunities for teachers, this lack of a significant relationship may indicate that 10% of Title I funds schools are required to spend for professional development may not necessarily increase the amount of teachers' participation in professional learning activities. Many schools may be already spending more than 10% of their Title I funds for their professional development programs; therefore, the NCLB requirement may not make a major difference. Even without the NCLB requirement on the use of Title I funds, I expected that that the districts with low student achievement level would encourage or require teachers to participate in professional development programs because of the greater accountability pressure these districts experience.
Instead, the levels of poverty and ethnic diversity seem to be more important factors associated with the amount of professional learning activities teachers engage in. As the four district characteristics were examined simultaneously, low achievement is not the reason why the teachers in high-poverty and ethnically diverse districts are spending more time in professional learning activities. Three types of professional learning activities significantly associated with poverty and/or diversity level were professional development programs, teacher collaboration, and mentoring/coaching, all of which are relatively structured activities that involve interactions with other teachers.
The teachers in high-poverty and diverse districts may feel a greater need to engage in professional learning than the teachers in wealthy, white-dominant districts. They may be experiencing the gap between their training in teacher education programs and the reality of teaching in high-poverty, diverse school settings as most teacher education programs tend not to focus on diversity. Previous studies have shown that multicultural teacher education occupies a small part of the teacher education curriculum, with most preparation programs offering a single diversity course or other add-on components to the main curriculum (Akiba, 2011; Ladson-Billings, 1995; Larkin & Sleeter, 1995; Sleeter, 2001) . Instead of informally asking their colleagues for advice or engaging in individual learning activities, these teachers may have turned to formal learning activities. Beginning teachers tended to seek help from their mentors, and other teachers participated in collaboration and professional development programs. Although the effectiveness of these formal learning activities are beyond the scope of this study, the greater amount of time devoted to learning activities among mathematics teachers in high-poverty, diverse districts may indicate the greater professional learning needs among these teachers.
At level 2, the percentage of variation explained by district characteristics varied significantly across the seven types of professional learning activities. Four district characteristics (poverty level, percentage of ethnic minority students, district size, and mathematics achievement) explained only 3.3% and 5.0% of the district-level variations in the amount of time teachers spent taking university courses and engaging in informal communications with their colleagues respectively. These four district characteristics did not explain any variation in the amount of time teachers spent attending professional conferences. In contrast, these four district characteristics explained large percentages of district-level variations in the amount of time teachers spent receiving mentoring/coaching (51.1%,), participating in professional development programs (29.3%), engaging in individual learning activities (22.7%), and participating in teacher collaboration (19.9%). Despite these relatively large percentages of variations explained, district-level variations constitute only 2.7% to 23.6% of the total variations (sum of teacher-and district-level variations) for the amount of time teachers spent in seven types of professional learning activities. Therefore, it is important to note that most of the total variations in the amounts of time teachers spent in seven types of professional learning activities are left unexplained.
Conclusion and Discussion
This statewide survey of 577 middle school mathematics teachers in Missouri documented and analyzed the amounts of seven types of professional learning activities teachers participated in during the previous 12 months or a typical school month. Before discussing the results, it is important to point out the limitations of this study. First, the data came from a sample of Missouri middle school mathematics teachers and cannot be generalized to the entire country. Although Missouri has the average characteristics in the levels of student achievement and educational opportunities of the nation as a whole according to the 2011 Quality Counts report (Editorial Projects in Education, 2011) , the average qualifications of teachers and background characteristics of schools and districts where they work are different from those of a nationally representative sample of teachers. Second, only a small percentage of the variation in the amount of teachers' participation in professional learning activities at teacher level was explained by teacher qualifications. Future studies may investigate other teacher characteristics such as learning motivation and attitudes, ability for reflection, and self-efficacy, as well as individual-level factors related to teachers' work contexts such as working conditions and relationships with other teachers as possible predictors of the amount of time teachers spend in professional learning activities. Finally, the study focused on the amounts of seven types of professional learning activities teachers engaged in, but did not assess the quality of these activities. Future studies should examine both the amount and quality of these professional learning activities to examine which types of activities are most effective in improving teachers' knowledge and instruction and student learning.
Despite these limitations, this is the first study to quantitatively identify the amount of teachers' participation in various types of professional learning activities using statewide teacher survey data. The study found that the most common types of formal professional learning activities were professional development programs and teacher collaboration. However, on average, they spent only 26.8 hours for professional development programs and 30.5 hours for teacher collaboration during the previous 12 months. The study also found that mathematics teachers spent 36.1 hours per month (or about 2 hours each day) on individual learning activities. A further analysis of the content of individual learning activities revealed that they spent 66.8% of their individual learning time engaging in two activities: 1) studying and analyzing student work such as homework, worksheet, and student responses in class (45.2%) and 2) studying and developing student assessment tools and materials (21.6%). This suggests that the focus of teachers' individual learning activities is on understanding students' mathematical knowledge and thinking. This finding is well supported by the case studies conducted by Scribner (2003) , who found that students are the core context for teacher learning. Teachers' focus on individual learning activities is also supported by Kauffman, Johnson, Kardos, Liu, and Peske (2002) who found that, because of a lack of curriculum materials and support, teachers spend a great amount of time studying and developing daily lessons in isolation with limited opportunities to reflect on their teaching practice.
The analysis also showed that teacher qualifications do not explain the amount of teachers' participation in professional learning activities. Because the previous empirical studies have shown statistically significant relationships between teacher qualifications and student achievement (Akiba, et al., 2007; Darling-Hammond & Youngs, 2002; Rice, 2003; Wayne & Youngs, 2003; Wilson, et al., 2002) , I expected that this relationship would be mediated by professional learning activities. However, the data showed that common teacher qualifications (mathematics certification, master's degree or above, mathematics major, mathematics education major, and teaching experience) were not significantly associated with the amount of professional learning activities teachers engaged in.
The only exception to this pattern was that mathematics teachers without a mathematics certification were more likely to engage in individual learning activities. In addition, mathematics teachers with a mathematics major were more likely to take university courses. This is consistent with the finding by Desimone at al. (2006) on the significant relationship between majoring or minoring in mathematics or mathematics education and a greater amount of participation in university courses or professional development programs based on the teacher survey data in the 2000 NAEP dataset. However, unlike the studies by Smith and Desimone (2003) and Birman et al. (2009) that found a significant relationship between teaching experience and professional development hours, this study based on a Missouri sample did not find the hours for professional development program to differ by teaching experience. Overall, no more than 3.4% of the teacherlevel variation was explained by these qualification variables, and there is a need to examine other teacher-level factors that may explain the amount of professional learning activities teachers engage in.
While there is no question that individual characteristics such as learning motivation and attitudes, ability for reflection, and self-efficacy would influence teachers' participation in professional learning activities, individual-level organizational factors such as working conditions and relationships with other teachers would also play an important role in determining how much time teachers spend in professional learning activities. Previous case studies on teacher learning have documented the lack of time as a critical hindrance to teacher learning (Little, 1999; Scribner, 1999) . If so, heavy instructional and non-instructional load may prevent teachers from participating in professional learning activities. In contrast, those teachers who receive teaching release time to engage in professional development activities and who are assigned scheduled time to collaborate with other teachers would be more likely to participate in professional learning activities (King, 2004; Spillane and Thompson, 1997) . In addition, the teachers who perceive that their colleagues are knowledgeable and who have a trusting relationship with them would be more likely to spend time in formally or informally collaborating and interacting to learn from one another (Gamoran, et al., 2003; Little, 1999; Spillane & Thompson, 1997) . Teachers' working conditions and relationships among teachers would be important factors for future investigations as possible predictors of the amount of teachers' participation in professional learning activities.
The examination of the relationships between district characteristics and the amount of professional learning activities showed that teachers in high-poverty and ethnically diverse districts spend more time participating in professional development programs, engaging in teacher collaboration, and receiving mentoring or coaching. This finding is consistent with the studies by Smith and Desimone (2003) and Garet et al. (2001) . However, district mathematics achievement level measured by the percentage of students achieving at the proficient level and district size were not significantly associated with the time teachers spent in professional learning activities. This lack of a significant relationship between district mathematics achievement and the amount of time teachers spent in formal professional learning activities could be due to the limitation of the measure and there is a need for measuring the actual amount of Title I funds and other types of funds used for professional learning activities in future studies.
About 80% of the total variations in the amounts of time teachers spent participating in professional development programs, engaging in teacher collaboration, and receiving mentoring is coaching is explained at teacher level rather than at the district level. Therefore, it is likely that most of these structured learning activities are not district-sponsored programs where all teachers are required to participate and spend the same amount of time. However, school districts may also require teachers to choose professional learning activities from a list of professional development programs, which would also result in variation among teachers in their levels of participation.
Whether it is through district requirements or individual choice, mathematics teachers in high-poverty and ethnically diverse districts are more likely to participate in structured learning activities (professional development, teacher collaboration, and mentoring/coaching), probably because of their professional learning needs for teaching socio-economically and ethnically diverse students. The challenges faced by teachers, and in particular middle-class white teachers working in high-poverty, ethnically diverse schools are well documented in various case studies (Johnson, Kardos, Kauffman, Liu, & Donaldson, 2004; Michie, 1999) . Other studies also suggest that most teachers do not receive sufficient preparation in teacher education programs for teaching mathematics to socioeconomically and ethnically diverse students (Akiba, 2011; Ladson-Billings, 1995; Larkin & Sleeter, 1995; Sleeter, 2001) , and there is an urgent need for them to connect mathematics content with their students' prior experience and knowledge. Furthermore, the current accountability climate with standardized curricula and assessments may pose a unique challenge to teachers who seek to make mathematics relevant to lives of students with diverse socioeconomic and ethnic backgrounds (Darling-Hammond & McLaughlin, 1999; Schultz, Jones-Walker, & Chikkatur, 2008) .
While these teachers spend a similar amount of time in individual learning activities as other teachers, they spend more time participating in structured learning activities. Future research should investigate what these teachers in socio-economically and ethnically diverse districts learn through structured learning activities compared to individual learning activities and how these activities influence their perceptions, knowledge, and practice of teaching mathematics to diverse students.
Policy Implications
This study documented mathematics teachers' participation in various types of professional learning activities, including both formal and informal activities. It is important for policymakers and district and school administrators to know how much time teachers spend in each type of learning activity. Although teachers spend 26.8 hours participating in professional development programs and 30.5 hours engaging in teacher collaboration per year, they also spend 36.1 hours each month in individual learning activities. The influence of individual learning activities on teachers' professional learning cannot be ignored when a district or a school is trying to implement a reform for improving instruction and student learning. Because individual learning activities usually do not offer the opportunities for mutual learning and reflection (Kauffman, et al., 2002; Scribner, 2003) and may not be necessarily aligned with the district or school's reform goals or directions, it is important for policymakers and district and school leaders to promote a higher level of teachers' participation in coherent, sustained, collaborative, and reflective professional learning activities.
As this study highlights, while mathematics teachers invest a significant amount of time in understanding their own students' mathematical thinking and knowledge through individual learning activities, they would also value formal learning activities that focus on students in actual classroom settings. Indeed, various studies have indicated that professional development opportunities are most effective in influencing teacher practice when such opportunities focus on teaching practices and student learning in the context of actual classrooms (Borasi & Fonzi, 2002; Clarke, 1994; Elmore, 2002; Hawley & Valli, 1999; Loucks-Horsley, Hewson, Love, & Stiles, 1998; Wilson & Berne, 1999) .
There are several professional development models that focus on studying student understanding and teaching based on in-depth analysis of student thinking. Some of these models are Lesson Study (Lewis, 2002; Lewis, Perry, & Hurd, 2009 ) and Cognitively Guided Instruction (Carpenter & Fennema, 1992; Carpenter, Fennema, & Franke, 1999; Carpenter & Moser, 1983; Fennema, et al., 1996) . In a Lesson Study, teachers work collaboratively to plan a lesson, observe the lesson in an actual classroom with students, and analyze and discuss student work and reactions to the lesson (Lewis, 2002; Lewis, et al., 2009 ). The focus of Lesson Study is on understanding student thinking and identifying instructional approaches that enhance student learning through teacher collaboration. In a professional development on Cognitively Guided Instruction, elementary school teachers learn to recognize strategies used by their students to solve addition and subtraction problems and to choose mathematics problems that promote their students' mathematical thinking (Carpenter & Fennema, 1992; Carpenter, et al., 1999; Carpenter & Moser, 1983; Fennema, et al., 1996) .
In these professional development programs, mathematics teachers are given ample opportunities to work with other teachers to analyze students' mathematical thinking, reflect on their own beliefs and ideas about teaching and learning, and discuss various instructional approaches that promote student learning. It is likely that mathematics teachers will participate in such activities as they value learning opportunities focused on student thinking and knowledge. To promote instructional improvement and student learning growth, it is important for district and school administrators to offer activities that are not only coherent, sustained, and collaborative, but also the activities that meet mathematics teachers' learning needs for understanding student learning. 
